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Abstract

This paper explores empirically the way that demand for health-enhancing and life-extending
programs varies over the life-cycle for individuals. We test the hypothesis that, at any given
current age, an individual’s schedule of marginal utility for future risk reductions rises on average
with the age at which the future adverse health status would be experienced. However, as
individuals age, we also hypothesize that there is a systematic downward shift in these schedules
of marginal utility for risk reductions at future ages. Using data from a representative national
sample of US households, we estimate the net effect of these two offsetting age effects for various
risk-reducing policies. We identify the systematic age-varying determinants that explain why
demand for some programs varies significantly with age, while demand for other programs does

not.
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1 Introduction

FEmpirically, scholars know little about how demand varies, over individuals’ life-cycles, for programs that
reduce the risk of morbidity and mortality. These programs include publicly provided environmental, safety
and health programs as well as privately available preventative care and medical therapies. Understanding
how demands for these programs vary with age has become increasingly important to several fields in
economics.

Environmental and regulatory economists measure the social benefits of publicly mandated environmen-
tal, health and safety regulations. At the prompting of policymakers, they are now seeking to determine
whether the sizes of the social benefits from these programs vary by age group (Smith and Evans, 2003;
Alberini, et al., 2003).

Health economists have a longstanding focus on how individuals’ investments in their health vary through-
out their lifecycle. While this literature has made considerable theoretical advances in understanding the
life-cycle determinants of demand for health (Grossman, 1972, Chuma and Erhlich, 1990, Johannsson, 1997;
Erhlich, 2002) there has been a shortage of empirical analyses that test the hypotheses implied by these
theories.

Finally, we are in the midst of a number of major demographic shifts, including a general aging of
the population. Public economists have become interested in how changes in health and longevity affect
individuals’ consumption of government programs such as Social Security, Medicare, Medicaid (Hamermesh,
1995; Hurd et al., 1995, 1995, Gan et al., 2003).

The central contribution of this paper is an empirical exploration of the way individual demand for health-
enhancing and life-extending programs varies with age. We test two hypotheses about how individuals will
value risk-reductions over their life cycle. We motivate these hypotheses though a [stochastic dynamic
optimization] model in which the individual chooses a quantity of a risk-reducing program in each period

throughout her life cycle (Ehrlich, 2000). Our first hypothesis is that, at any age, individuals will derive



increasing marginal utility from reducing risks that come to bear later in life. This comports with the
intuition that marginal value of health investments rises with age and concurrently that life-saving programs
will grow more valuable with age.

Our second hypothesis is that as individuals age, there is systematic downward shift in their schedule of
marginal utility for risk reductions at future ages. Our second hypothesis is based in the assumption that
there are strong complementarities between health and other commodities. Individuals only learn about the
extent of these complementarities as they age. With greater age, the declining quality of health begins to
have appreciable affect on the marginal utility of consumption. Such age-induced learning causes individuals
to decrease their expected value of future consumption. In response, individuals intertemporally adjust by
shifting their consumption forward in time. As the value of future consumption declines, so does the shadow
value of investment in life-extension. The effect of this process is to diminish the value of investment in
current and future life-saving programs.

While this model illustrates these two countervailing dynamics, the net effect on age-varying demand
for risk reductions is ultimately an empirical question. To evaluate these two hypotheses and to assess this
empirical question, we develop an estimating specification that enables individuals to express their demands
for risk-reduction programs that will alter the time-pattern of risk faced during their remaining life cycle.
This empirical model makes several contributions to the existing empirical literature (Krupnick et al., 2002;
Alberini et al., 2003; Evans and Smith, 2003).

First, we cast the demand for risk reducing programs in an option price framework (Graham, 1982). This
approach is appropriate for the vast majority of public and private life-saving programs, since they involve a
stream of certain costs and uncertain future benefits. Second, this model recovers the individual’s marginal
utility of avoiding a year spent in a morbid condition, the marginal utility of a year spent in a recovered
state, if the condition is not fatal, and the marginal value of avoiding a lost life-year. Our specification allows

these marginal values to shift with both the individual’s current age and the future age at which the risk of



each particular health state is reduced. For each age cohort, we are able to estimate the schedule of marginal
values associated with reducing risks over all future ages.

We estimate this model using data from an innovative national survey of over 1,300 U.S. citizens. In the
survey, individuals were asked to choose between programs that reduced the probability of experiencing a
future time profile of undesirable health states. The time profiles for these health states were described in
the context of the individual’s current age and nominal life expectancy. Fach profile described the future age
of onset of an illness, the level and duration of pain and disability that could be expected to follow, including
surgery and hospitalization, and the number of life-years lost relative to nominal life expectancy. The risk-
reducing programs consisted of an ongoing annual diagnostic test for a specific illness. If the individual is
found to be at risk for the illness, they would be given drug therapies, and prescribed lifestyle changes, that
would reduce their risk of experiencing the illness profile. These data enable us to evaluate how individual
demand for avoiding a future year of morbidity and premature mortality varies with each individual’s current
age and with their age during each future period of reduced health (or they age that they would have been,
had they not experienced premature mortality).

Controlling for the individual’s current age, we find that the marginal utility of avoiding a future lost life-
year rises with age. Controlling for the age at which the undesirable future health states would potentially be
experienced, we find that as individuals grow older, their marginal value of current and future risk reductions
declines. Together, these effects produce distinct schedules of marginal utility for each age cohort. To
evaluate the present value of these future risk reductions, these marginal values must be discounted, and the
risk reduction normalized to 1.00, to obtain the present value benefits of avoiding a “statistical” case of a
particular morbidity/mortality health profile.

We conclude our analysis by exploring how a number of selected types of risk-reducing programs will
be valued by different age groups. Most previous empirical studies (notably wage-risk studies) have focused

on the risk of sudden death, so we emphasize these health profiles here. Through simulations, we evaluate



the social benefits of a program that reduces the risk of sudden death for five age groups: 25-, 35-, 45-,
55-, and 65-year-olds. Because the individuals enjoy the risk reduction immediately, any differences that are
observed are determined exclusively by the age-specific declines in the marginal value of risk reductions. We
find in models with no explicit age effects, and in models with linear age effects, that our inferred values of
statistical lives (VSLs) decline by age cohort. In more general models with quadratic age effects, the pattern
is non-monotonic. First one effect dominates, then the other.

Our second policy simulation, a latency period of five years is hypothesized before the risk of sudden death
would materialize so that benefits would begin to accrue. In this context, discounting becomes important
when calculating the VSL, but the discounted latency period (five years) is constant across age groups.
As should be expected, we find differences in age-specific VSLs that are roughly comparable to the first
simulation.

Our third policy simulation considers how all age cohorts would value a reduction in the risk of death at
the common age of 70. A model with no explicit age effects suggest strongly that the VSL increases as the
respondent’s age gets closer to 70. In models with age effects, however, the pattern of VSLs is non-monotonic
due to the competing influences of the two types of age variables in our models. For models with age effects,
we find no clear differences in the VSL for this policy which is consistent with the findings of Krupnick et
al., (2002) and Alberini et al., (2003). Our results suggest that the reason for no apparent age effect may be
the existence of offsetting effects of discounting and downward shifts in the marginal utility of risk reduction
with age. Younger cohorts have a higher marginal utility for the risk reduction but this value is discounted
over a longer time period. Older cohorts express a lower marginal utility for the risk reduction but discount
it over a shorter period.

In our final policy simulation, we hold the age group constant (focusing only on 25 year olds) in order
to evaluate the implied VSLs for policies with latency periods that vary by 5, 15, 25, 35 and 45 years. In

this simulation, we utilize only the upward sloping schedule of marginal utility for future risk reduction



associated with 25 year olds. Therefore, any difference in VSLs results from differences in (1.) the slope of
the marginal utility schedule for future risk reduction, (2.) the discount rate, and (3.) the latency period
over which discounting occurs. In a specification that ignores age effects, there in an apparent strong decline
in the VSL as the latency period for the mortality risk increases. In a model with linear age effects, this
pattern persists but is somewhat attenuated. In a model with quadratic age effects, however, the pattern

becomes again non-monotonic.

2 Theoretical Model of Life-Cycle Demand

This model follows Ehrlich (2002) who develops a life-cycle model of demand for risk reduction programs.?

To maximize lifetime utility, individuals choose quantities of a risk-reducing program, I(t), and a composite
consumption activitiy, Z(t), in each period, t.* Demand for risk reduction arises because individuals face a
conditional per-period arrival frequency, f(t), of life-threatening events (such as major illnesses) that lead
to mortality.

Individuals control the flow of f(¢) though the purchase of risk reducing programs in the following way:

f) = @) —1(t) (1)

and where j(t) > 0 is the exogenous conditional probability of a major illness, which is determined by heredity
in conjunction with biological and environmental risks. I(t) defines the difference between the exogenous risk

and the individual’s actual risk, j(t) — f(t).% These risk-reducing programs are produced using inputs of time,

3This model generalizes similar life-cycle models by Conley (1976), Shepard and Zeckhauser (1984), Rosen (1988), and
Johansson (2001).

4For simplicity, we assume that individuals habor no bequest motives. Nor do individuals participate in insurance markets
that are designed to protect against "living too long" (by purchasing guaranteed annuuities) or "living too short" (by purchasing
life insurance).

5This formulation simplifies the derivation of the time path for I*(¢).However, it abstracts from the possibility that current
period expenditures on risk reduction could affect the the conditional risks in future periods.



m(t), and market goods M (t). Production of these programs is also determined by efficiency parameters,
e(t) (reflecting the individual’s human capital or education level), and their current age, ¢. In keeping with
theories of aging (Kirkwood, 1977; Kirkwood and Rose, 1997; Sozou and Seymour, 2003), health risks are

assumed to rise at an increasing rate throughout the remaining lifespan (j(t)) = dj(t)/dt > 0.

The cost function for I(t) is given by

CIt)=c(t)It)" where a>1and c(t) =c(w(t),P(t),e(t),t), (2)

where w is the wage rate per unit of human capital. The wage rate also represents the opportunity cost
of time, where w = w(e)/e. All prices, P(t), and efficiency parameters, e(t), are held constant across the
life cycle. For simplicity, assume that o = 2 so that the cost function for the risk-reducing program is
C(I(t)) = cI(t)?>. The production function for risk reductions is subject to diminishing returns to scale
because of the fixed scale of the human body.

In each period the individual will consume a flow of health-state denominated time, h(¢), and a flow from
a composite consumption activity, Z(t). We treat the risks of morbidity and mortality as independent risks
in our empirical analysis. However, we assume here, for simplicity, that they are monotonically related to

6

one another.” Health-state denominated time is assumed to be a decreasing and concave function of f(¢)

to capture the positive correlation between the risk of a life-threatening illness and associated morbidity.

Health denominated time, h(-), may range from perfect health to acute morbidity as function of :

h(t) = (hf(t),B) with B'(-) < 0 and k" (-) < 0. (3)

The argument 3 represent shifts in medical technologies that reduce the levels of morbidity associated with

6 As a practical matter this assumption limits us only in that we cannot theoretically explore the determinants of individuals’
marginal rate of substitution between morbidity and mortality as health states. Such tradeoffs are not the focus of this paper;
see Cameron and DeShazo (2004) for an exploration of these issues.



h(f(t)). We assume that this measure of health-state denominated time perfectly exhausts each individual’s
time constraint.

The consumption activity Z(t) is produced by combining purchased market goods, M(t), at constant
unit prices (P) and the individual’s time, m(¢). The individual purchases these market goods subject to an

instantaneous wealth constraint:
AR)=rAM) +wh(f @) —cI®(t) - Z(1), (4)

where A(t) = dA(t)/dt is the rate of change in savings in period ¢.” Parameters r and w denote the market
interest rate and the wage rate, h(t) represents healthy labor time, and the full price of consumption,
P, = 1, is the numeraire. The individual knows her terminal condition (age of death) only stochastically,
which represents an innovation on Ehrlich and Chuma (1990). In the following equation, E represents
the expectation operator which applies to the stochastic length of life, D, while p denotes the individual’s
subjective discount rate.

Individuals choose optimal time paths for Z and I to maximize®:

J(A(t) tia) = Maz E / exp[—p(s =)} U (Z(s), h(s), h(f(s))) ds| . ()

t

The individual maximizes (5) subject to equations (1) and (3), A(t) > 0, as well as a vector of exogenous
parameters: a = w,e, P, p,j. The terminal conditions, A(D) > 0 and J(A(D), D;«) = 0 must hold. The

optimal time paths for {Z*(¢), I*(t)} are found by applying the stochastic dynamic programming approach

"To avoid any discontinuity, which occurs whenever A(t) assumes its boundary value, the individual optimizes subject to
A(t) > 0. Furthermore, without an insurance market, it is impossible for the individual to die with negative wealth.
8 The instantaneous utility function (.) is to be concave and possess other standard properties (Judd, 1998).



(Judd, 1998) as determined by the Hamilton-Bellman-Jacobi condition:

“Te= o+ F)THUZ () + Ta [PA+ wh (f7) - eI — 2°] (6)

where Jy = 0J(A(t),t; «) /0t and where Z* and I* satisfy the optimality conditions:

2" = J/Ja+ w1/ T)UZ" W (f)=R ()] =6 (®)

Equation (8) describes the conditions that shape the optimal time path of investment in risk reduc-
tions over individuals’ life cycles. On the left hand side is the marginal cost of the risk-reducing pro-
gram. On the right-hand side is the complete value of the risk reduction which consists of two terms.
The first term, (J/J4), describes the value of the individual’s remaining life span. The second term,
[w+ (1/J)Un(Z*, b (f*))][-h (f*)], characterizes the change in utility derived from this remaining life

span as a result of reducing morbidity.

2.1 Marginal Value of Future Risk Reduction

This model predicts that the time path of investment in risk reduction will rise with the conditional prob-
ability of risk. To see this explicitly, assume (for the sake of expositional ease only) that the individual’s
utility function is separable in healthy time and consumption. From equation (8) we can show the path of

risk reduction investment depends upon two countervailing influences:

[d(J/Ja)/dt + (Un/Ja) (=1") (r — p = f(t"))]

— [(w+ (Un/Ta)) B + (Unn/Ta) (W)2] 5(2)

(1)

I
<
—~
~
~—



where A = 2¢ — [w + (Uy/Ja)R" — (Unn/Ja)(R')? > 0 and X = dX/dt. Examining the first term, the time
path of investment in risk reduction depends upon the rate of increase in exogenous risks, j (t), associated
with aging. Concurrently, the marginal value of improving health-denominated time rises with j(¢) and t.
The aging process raises the marginal benefits of investment in risk reductions. Concurrently, the marginal
value of improving health-denominated time rises with j(¢) and ¢. Therefore, we hypothesize that individuals
will express a higher marginal value for risk reductions that occur at later ages. This should be true even
though there are diminishing returns to increasing investments in risk reduction. The first two terms inside
the braces (9) illustrate how the value of protective investments rises with the value of reducing the risk of
mortality, d(J/J4)/d¢t, plus morbidity, (Up/J4) (=h') (r — p — f(t*)). We discuss the time path of these two

terms in more detail below.

2.2 Health and Consumption Complementarities

Traditional theoretical expositions of this class of models leave open the question of whether utility from
the consumption activity Z(t) and health h(t) are separable, i.e., whether U.;(t) = 0 (see Grossman, 1972;
Chuma and Ehrlich, 1990; Ehrlich, 2000). While the modeling exercise is less complicated if the separability
assumption is invoked, such an a priori assumption seems unwarranted. To begin with, the production
function for Z(t) is assumed to require the individual’s non-market time, m(t) (Ehlrich, p. 345, 2000). The
health quality of this input should affect the level of utility that the individual derives from the consumption
activity. It is much more likely that the individual’s time, m(t), and market goods, M(t), are complements
in consumption, rather than perfect substitutes. As the level of morbidity h(f(t)) rises, the quality of the
individual’s time input, m(t), should fall. So should the utility derived from the consumption activity, Z(¢).
These theoretical relationships are supported by a large body of literature on the physiological and cognitive
effects of aging (Kenney, 1989; Gfellner, 1989; Posner, 1995). As individuals age, their ability to derive

utility from market goods declines. With increasing age, individuals begin to have trouble driving a car, for
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example, or enjoying the same recreational activities as they did in their youth or middle age. With age,
the level of utility they derive from basic market goods declines. They may eventually experience difficulty
in feeding themselves, dressing, and moving about freely.

To see the theoretical importance of this separability assumption, consider the individual’s optimal con-

sumption path:

Z2(t) = —[Uz(®)/Us](r—p—f (1)) (10)

—[(Uzn () /U= (f* () f (2)

If Ugzp(t) =0, the second term in (10) drops out. Examining the first term, we get the well-known result
due to Yaari (1965) that lifetime consumption rises only if the market discount rate exceeds the subjective
discount rate and the conditional rate of mortality. Both theoretically (Sozou and Seymour, 2003) and
empirically (DeShazo and Cameron, 2003), scholars have shown that subjective discount rates rise with age.
Therefore, even with the assumption of separability, the quantity of consumption is likely to fall with age.
However, once the assumption of complementarities between health-denominated time and commodities is
made (i.e. that Ugzp(t) > 0), the rate of decline with age will be even greater. As shown by equation (8) this
decline in the value of future consumption will, in turn, lower the marginal value of current and future risk

reduction.

2.3 Learning with age and shifts in the marginal value of future risk reductions

This model assumes that individuals have perfect information on all parameters over the course of their life
cycle. But what would be the implications if, instead, individuals learned about the aging process as they
aged? Current-period expectations about the future values of parameters are likely to be biased towards
their current-period value. Through learning, however, individuals might update their future expectations by

assessing trends in key parameters over their recent life histories. Candidate parameters for updating might
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include the individual’s conditional risk of a life-threatening illness, j(t), the individual’s subjective discount
rate, her future wealth constraint or the extent of complementarities between health and consumption (i.e.
if Uzp(t) > 0). While the effect of learning about any of these parameters is likely to cause individuals
to revise their future time path of consumption downward, we argue that the possibility of learning about
complementarities between health and consumption is the most plausible, since such knowledge is most likely
to be acquired though the personal experience of aging.’

If individuals do progressively learn, as they age, that health and consumption commodities are strong
complements, the exogenous rise in j(t) with age will cause the value of consumption in future periods
to fall. Intertemporally, individuals will respond to this knowledge by reallocating consumption to earlier
time periods where it will yield more utility. This action, in turn, reduces the value of investment in risk
reduction in future periods; from equation (8) the remaining value of reducing mortality risk (J/J4) and
morbidity, [w+ (1/J4)Un(Z*, h(f*))][-H (f*)] will decline. Based on our conjecture of age-driven learning,
we hypothesize that as individuals age, their schedule of marginal utility for future risk reduction will decline
with their current age. A related (and empirically testable) consequence of this conjecture is that individuals’
projected schedules of future marginal utility of consumption should vary systematically with their current
age. Specifically these schedules of future marginal utilities of consumption should be steeper and turn down

later in life for younger age groups relative to those of older age groups.

3 Data and Survey Methods

Our data were collected in a national random survey of U.S. adults in 2002. The innovative feature of our
survey consisted of a conjoint choice exercise wherein individuals could purchase a program that reduced

their risk of experiencing specific illnesses over future periods of their life. These programs were described

9Ehrlich (2003) provides comparative static analysis for all of these parameters except for changes in the complementarity
between health and consumption.
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as involving annual diagnostic testing and, if needed, associated drug therapies and recommended life-style
changes. Each program required a constant annual payment in return for reducing the risk of an illness
profile. Each illness profile is a description of a time sequence of health states associated with a major
illness that the individual is described as facing with some probability over the course of his or her lifetime.
We briefly describe the development, design and administration of this survey instrument below. A fuller

description is available in Appendix A.

3.1 Survey Development and Design

In order to effectively describe the illness profiles, the associated risk, and the programs that reduced these
risks, we conducted extensive one-on-one interviews (i.e., cognitive interviews) and pre-testing. We conducted
36 cognitive interviews over the nine-month development period. During this period the survey went through
four significant revisions. We pretested the last three versions. These three pretests involved a total of 1,500
respondents over a three-month period. We also benefited greatly from a peer review panel that evaluated
the second of the four versions of the instrument.

The final conjoint survey is structured around four modules: 1) the introductory module, 2) a tutorial for
the illness profile and the risk-reducing program, 3) the presentation of the choice sets, and 4) a debriefing
and follow-up module. For the sake of brevity, we focus below on only the risk-reducing program and the
design of the illness profiles in the context of the conjoint choice set.

For the risk reduction programs in our survey, we specified combinations of diagnostic testing and drug
therapies because respondents viewed these as technically feasible and potentially effective. Respondents
were familiar with comparable and pre-existing diagnostic tests such as mammograms, pap smears and
prostrate exams, or the new C-reactive protein tests for heart disease. Important from our perspective was
the fact that this class of interventions could plausibly be applied to all of the illnesses upon which we

focused. The effectiveness of these programs was described using a risk grid (Krupnick, et al., 2002).
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The payment vehicle for each program was presented as a co-payment that would have to be paid by the
respondent for as long as the diagnostic testing and medication was needed. For the sake of concreteness
we asked the respondents to assume the payments would be needed for the remainder of his or her lifespan
unless they actually experienced that illness. Costs were expressed in both monthly and annual terms. To
ensure that respondents carefully considered their budget constraint, we included a "cheap talk" reminder

as well as language to discourage overstating their willingness to pay.

3.2 Illness Profiles in Choice Sets

Fach conjoint choice set presents the respondent with the attributes of two illness profiles: the illness name,
the age of onset, medical treatments, duration and level of pain and disability and a description of the
outcome of the illness. This is followed by a description of the cost and effectiveness of the risk-reducing
program. Subject to several plausibility constraints, we randomly varied these attributes across each illness
profile. Both the age of onset and the final stage of each illness are determined by the respondent’s current
age. Gender specific illnesses (e.g., breast and prostate cancer) are chosen to comport with the respondent’s
gender.

We summarize the results of the choice set design process in Table 2. The first row in this table presents
the frequency with which each of the twelve illnesses appeared in the choice sets. The remainder of the
table presents the mean levels of each of the risk, morbidity, and mortality attributes associated with that
illness. While the mean levels of the costs, baseline risk, and risk change are very comparable across all
of the illnesses, the average levels of the other attributes vary greatly across illnesses. For example, heart

attacks are associated with much shorter periods of pain, hospitalization, and death than is lung cancer.
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3.3 Sample and Survey Administration

Our conjoint choice survey and a separate health-profile survey were administered by Knowledge Networks
to approximately 1,800 panelists. Each survey required about 30 minutes to complete. Respondents were
paid an incentive for completing the conjoint choice survey. Respondents’ ages ranged from 25 to over 90
years of age. Our response rate for those panelists contacted was 79 percent. Attrition response bias may
be present between the point when Knowledge Networks made their initial contact to join their panel and
the point when we initially contacted each panelist. To address potential sample selection bias, we are
preparing to implement sample selection correction procedures using the Knowledge Networks database of

initial telephone contacts and other attrition data.

4 An Empirical Option Price Model of Life Cycle Risk Reductions

We now turn to develop an empirical model in which individuals can express their option price for a program
that intertemporally redistributes their investment in risk reductions over their remaining life span.(See

Cameron and DeShazo (2003) for a more general discussion of this model.)

4.1 Indirect utility from health states

We develop a simple model of the individual’s future undiscounted indirect utility as a function of their
health state in that future period. We expand upon most earlier empirical treatments by considering four
distinct health states: 1) a pre-illness healthy state, 2) illness state, 3) a post-illness recovered state and 4)
a dead state.!® We define each of these states as a time segment. Within each segment, the individual’s
health status is assumed (for now) to be relatively homogeneous.

To capture an illness profile, we use sets of dummy variables that collectively exhaust the period of time

10Within our empirical model, the illness states are further differentiated into one of twelve specific illnesses, each of which
can exhibit a wide variety of different symptom-treatment profiles that may last from zero to six years. In appropriate cases,
the illness may also be chronic, lasting for more than six years.
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between the individual’s present age and the end of his nominal life expectancy. In Figures 1 and 2, we
depict examples of these four discrete health states. Let ¢ index individuals and let ¢ index time periods'!.
The dummy variable Pre-illness_year;; take a value of 1 in years when the individual enjoys a healthy state.
When the health state ends, the value of Pre-illness_year;, changes to 0 and remains there for the rest
of the individual’s expected lifespan. At the end of the healthy period the individual may die suddenly or
become sick. Let the dummy variable llIness_year;; take on a value of 1 at this point and remain equal to
1 for the years during which the individual is ill. When he is not sick, it takes a value of zero. The dummy
variable labeled Recover_year;; takes on value of 1 in the years between the conclusion of the illness and
the individual’s expected time of death. Finally, we define Lifeyear_lost;; to distinguish the extent to which
death is premature (that is, the time between death and what would otherwise have been the individual’s
nominal life expectancy).

Next we define the future undiscounted indirect utilities per unit of time in each health state. Let
these marginal utilities be denoted as 0, for an episode of type s, where s in our model can be illness,
recovered status, or a life-year lost to premature death. Let the undiscounted utility from each future year
in a particular health state be defined relative to no new illness. In other words, we normalize utility on
the level of utility being experienced by the individual in their current health state. We abbreviate Pre-
illness__year;; to pre;, lliness_year;, to ill;;, Recover_year;, to rcv;; and Lifeyear_lost;; to lyl;; to allow

more-compact notation.

Vie = Bf(Yie) + dopreis + 01illy + darcvy + 03lylie + 1y, (11)

Let the undiscounted marginal utility of some function of current income, f(Y;;), be the parameter 8. Let the
undiscounted (dis)utility from each future year of illness be defined as dy, from each year of the post-illness

recovered state be d2, and from each year of being prematurely dead be d3.

11 Time may be measured in years, months, or even a smaller units of time, depending on the degree of resolution needed.
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Our basic specification assumes that the undiscounted (dis)utility of a year of illness or injury is a constant
(in the homogeneous specification). Let age;p denote the current age of respondent ¢. This is distinct from
the age of respondent 7 in future period ¢, which we will denote age;;. The individual’s current age is just
another personal characteristic that we can allow to shift the marginal (dis)utility of a sick-year and the
marginal (dis)utility of a lost life-year.

We allow the indirect utility in each future period to depend upon the age of the individual while they
are experiencing the health state corresponding to that period. Age in period ¢t may shift the marginal utility

of transformed income and of each health status:

Vie = [Bo+ Brageir + Baagel, + B3Yir] f(Yir) (12)
+ [010 + S11ageir + S12ag€d;] illy
+ [J20 + S21ageis + a2agel,| revi
+ 830 + d310g€it + S32ag€3,] lylis + ;.
Or,
Vie = Bof(Yie) + Bragenf(Yie) + 52“93121:]0(1/#) + B3Yie f (Yie)
+810illis + 011ageillys + 12agedillys
+890Tcvs; + dogagesrevy; + dagagedrevy

+030lyli + d31ageilylis + Sz2agellylis + n;y

The disutility of each of these states will be interpreted as being the same as the utility associated with
avoiding them. The dummy variables, ill;; , rcv;;, and lyl;; adjust the limits of the summations used for the
present value of future continued good health, future intervals of illness, recovered time, and life-years lost.

In this paper we assume that the individual uses the same discount rate, r, to discount both future money
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costs and health states. 2

With this set-up, we can develop a structural model of the ex ante option price that an individual will
be willing to pay for a program that reduces his/her risk of a morbidity /mortality profile over the future.
Define the present discounted value of indirect utility Vij * for the i individual when j = A if the program
is chosen and j = N if the program is not chosen. The superscript k£ will be S if the individual suffers the
illness (or injury) and H if the individual does not suffer the illness.

The pattern of income and program costs under the four different health states will be relevant to the
individual’s indirect utility in each state. We define v, as the fraction of the individual’s income that will be
earned while the individual is sick, should he suffer the illness in question. With adequate disability insurance
or sick leave, this fraction might be assumed to be 1.00. Let v, be the fraction of income received if the
individual is no longer living, but would have been, had they not suffered the illness. This parameter will
be assumed to be zero in our empirical models, but a non-zero value could be invoked to activate a bequest
motive. The parameter 4 is the fraction of the cost of the program that must be paid while the individual
is suffering from the illness in question. Logically, the program would be unnecessary in this health state, so
we will assume that ~; is typically zero. Likewise, the individual would not participate in the program if

dead, so we will be assuming that v, = 0.

4.2 Present Discounted Values of Indirect Utility

The present value of indirect utility if the individual does choose the program and does suffer the illness

takes the following form. All summations below will run from 0 to T}, the remaining number of years in the

12Empirically estimated discount rates for future money as opposed to future health states are suspected to differ to some
extent. Discount rates also differ across individuals and across choice contexts, time horizons and sizes and types of outcomes
at stake. No comprehensive empirical work has been undertaken that conclusively demonstrates the relationships between
money and health discount rates.

If we were to choose hyperbolic discounting for our specification, all of the discount factors in the expressions for present
discounted value, below, would need to be changed from 1/(1 + r) to 1/(1 + t)*. Other than this, the formulas will be the
same.
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individual’s nominal life expectancy:

. * L Ax
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2 (1+ r)t +0a) (1+r)
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r)
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where Y =Y, (preﬁ + il + revit 4+ o lyl: ) and cii* = ¢t (preﬁ + y5illd + revit 4+ y,lyl ) Y;; and
ciy* are sufficiently general to allow for a number of different assumptions about how individuals view their
potential income and how they view their cost obligations under each program in different health states.
What individuals assume about their future income and program costs, if they choose the program, has
implications for the formulas we develop in later sections. For their future income, our default assumption will
be that individuals expect constant real annual income Y; in each future year until the expected time of death
if the individual gets the illness. When v, = 1 and 7, = 0, the term pref+v,ill{ +rcv +7,lyli = (1 — lyl})
in equation (13) will be nonzero in those periods when the individual is still alive. While earned income is
likely to suffer if the individual gets the illness, we assume that their annual income can be sustained through
insurance coverage. For program costs, we assume that the annual costs of the risk-management program in
question are incurred in the years leading up to the onset of the illness or injury, but are not paid while the
individual is sick or injured.!® If the individual recovers from the illness or injury, rather than dying from

it, they will again participate in the risk-management program until their death. When v = v, = 0, the

term pref; + v5illsy 4+ reviy +v4lylf = preft + revi in equation (13) will be non-zero only